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(57) ABSTRACT

A device for measuring a minimum cell voltage among cell
voltages of a plurality of battery cells connected in series
includes a plurality of ohmic resistors connected in series.
The device is configured to be connected to a plurality of
battery cells connected in series in such a way that a respec-
tive battery cell of the plurality of battery cells is associated
with each ohmic resistor of the plurality of ohmic resistors
according to the series connections. Each ohmic resistor of
the plurality of ohmic resistors, with the exception of a first
ohmic resistor, is configured to conduct the smaller of a
current that corresponds to the cell voltage of the associated
battery cell and the current that is conducted by a preceding
ohmic resistor in the series connection.

11 Claims, 3 Drawing Sheets
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1
DEVICE AND METHOD FOR MEASURING A
MINIMUM CELL VOLTAGE

This application is a 35 U.S.C. §371 National Stage Appli-
cation of PCT/EP2012/063382, filed on Jul. 9, 2012, which
claims the benefit of priority to Serial No. DE 10 2011 079
363.1, filed on Jul. 19, 2011 in Germany, the disclosures of
which are incorporated herein by reference in their entirety.

The present disclosure relates to a device and a method for
measuring the minimum cell voltage among the cell voltages
of a plurality of series-connected battery cells, and a battery
management unit having a device of this type, a battery hav-
ing a device of this type or a battery management unit of this
type, and a motor vehicle having a battery of this type.

BACKGROUND

Itis apparent that in the future, both in the case of stationary
applications (for example in the case of wind energy plants)
and also in vehicles such as hybrid and electric vehicles, new
battery systems will be used ever more frequently and
extremely high demands in relation to reliability will be
placed on said battery systems. The background to these high
demands is that a failure of the battery can lead to a failure of
the entire system or even to a safety-related problem. By way
of example, batteries are thus installed in the case of wind
energy plants in order to protect the plant in a strong wind
from unacceptable operating conditions by way of a rotor
blade adjustment.

Typically nowadays in the case of lithium ion batteries, the
voltage of each cell is individually monitored in order to be
able to protect the latter against exhaustive discharge. Typi-
cally, a non-generic integrated circuit having multiplexers
and analogue/digital converters is used for this purpose,
which integrated circuit is in communication with a control
unit. This solution is complex and expensive.

FIG. 1 illustrates the principle of such monitoring of an
individual cell in accordance with the prior art. A battery
management unit 10 comprises an integrated circuit 14 that is
electrically connected to each of the battery cells 12a,
125, . ..,12n of a battery. The integrated circuit 14 comprises
a multiplexer and an analogue/digital converter and is con-
nected to a control unit 18 by way of a communication bus 16.

A device for measuring electrical cell voltages is disclosed
in DE 10 2008 043 921 A1, in which each storage cell com-
prises an allocated measuring device and the individual mea-
surement values are read out on the basis of a read instruction
of a control unit.

SUMMARY

In accordance with the disclosure, a device for measuring
the minimum cell voltage among the cell voltages of a plu-
rality of series-connected battery cells is provided, wherein
the device comprises a plurality of series-connected ohmic
resistors, wherein the device can be connected to a plurality of
series-connected battery cells in such a manner that a battery
cell is allocated to each ohmic resistor according to the series
connections, wherein a first ohmic resistor that precedes all of
the other ohmic resistors in the series connection is embodied
for the purpose of conducting a current that corresponds to the
cell voltage of the allocated battery cell, and wherein each
ohmic resistor with the exception of the first ohmic resistor is
embodied to conduct whichever is the smaller current: either
the current that corresponds to the cell voltage of the allocated
battery cell or the current that is conducted by the series-
connected preceding ohmic resistor.
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Itis preferred that each of the ohmic resistors comprises the
same resistance value R. The current that corresponds to a cell
voltage U is preferably given as (U-AU)/R, wherein AU is a
predefined voltage.

In a preferred embodiment, the device comprises in addi-
tion to each of the plurality of ohmic resistors an associated
transistor and an associated reference voltage source and in
addition to each of the plurality of ohmic resistors with the
exception of the first resistor an associated diode, wherein in
each case the cathode of each diode can be connected to the
positive pole of a battery cell that is allocated to the associated
ohmic resistor, the anode of each diode is connected to a first
connector of the associated ohmic resistor, a second connec-
tor of each ohmic resistor is connected to a first connector of
the associated transistor, the base connector of each transistor
is connected to the positive pole of the associated reference
voltage source, the negative pole of each reference voltage
source can be connected to the negative pole of a battery cell
that is allocated to the associated ohmic resistor, a first con-
nector of the first ohmic resistor can be connected to the
positive pole of the allocated battery cell and the first connec-
tor of each ohmic resistor with the exception of the first ohmic
resistor is connected to a second connector of the transistor
that is associated with the series-connected preceding ohmic
resistor. The reference voltage sources are preferably embod-
ied in each case to provide the same reference voltage, and the
predefined voltage AU is given by way of this reference
voltage.

The device can be connected to a plurality of series-con-
nected battery cells in such a manner that a battery cell is
allocated to each ohmic resistor according to the series con-
nections. The battery cells are preferably lithium ion battery
cells.

There is also provided in accordance with the disclosure, a
battery management unit having a device in accordance with
the disclosure, a battery having a device in accordance with
the disclosure or a battery management system in accordance
with the disclosure and a motor vehicle, in particular an
electric motor vehicle, having a battery in accordance with the
disclosure.

Furthermore, the disclosure provides a method for measur-
ing the minimum cell voltage among the cell voltages of a
plurality of series-connected battery cells, wherein a first
current is produced, which first current corresponds to the cell
voltage of a first battery cell, which battery cell precedes all
other battery cells in the series connection, and wherein fur-
ther currents are produced, wherein each further current is
allocated to a battery cell and wherein each further current is
whichever is the smaller current: either a current that corre-
sponds to the cell voltage of the allocated battery cell or the
current that is allocated to the battery cell that precedes the
allocated battery cell in the series connection.

Advantageous developments of the disclosure are dis-
closed in the dependent claims and the description.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the disclosure are further
described with reference to the drawings and the following
description. In the drawings:

FIG. 1 illustrates a circuit diagram of a device for individu-
ally monitoring the voltage of battery cells in accordance with
the prior art,

FIG. 2 illustrates a diagram for representing the principle
of the disclosure,
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FIG. 3 illustrates an exemplary embodiment of a device in
accordance with the disclosure for measuring a minimum cell
voltage, and

FIG. 4 illustrates an exemplary embodiment of an evalua-
tion circuit for the device shown in FIG. 3.

DETAILED DESCRIPTION

FIG. 2 illustrates the principle according to which in accor-
dance with the disclosure the minimum cell voltage among
the cell voltages of a plurality of series-connected battery
cells is ascertained. The battery to be monitored comprises a
series of battery cells 22a, 225, 22¢, . . . . The cell voltage of
the battery cell 22a is detected in a detection step 24a. In step
264, the cell voltage that is detected is transmitted onwards
unchanged; this step only relates to the first of the battery
cells. The cell voltage of the battery cell 225 is detected in a
detection step 245. In a comparison step 265, the detected cell
voltage of the battery cell 226 is compared with the cell
voltage that has been transmitted onwards in step 26a and the
smaller of the two voltages is output. Likewise, the cell volt-
age of the battery cell 22¢ is detected in a detection step 24c,
and in a comparison step 26¢ the detected cell voltage of the
battery cell 22¢ is compared with the cell voltage that was
output in step 265 and the smaller of the two voltages is
output. The smallest of the cell voltages of all battery cells
22a, 22b, 22¢, . . . is determined by way of continuing this
method for all battery cells.

FIG. 3 illustrates an exemplary embodiment of a device in
accordance with the disclosure for measuring the minimum
cell voltage among the cell voltages of a plurality of series-
connected battery cells. In this exemplary embodiment the
series connection comprises three battery cells; the disclosure
is, however, not limited to this number of battery cells. The
cell voltages U, U,, Uj are tapped by way of diodes D, and
D; that are considered as idealized diodes having infinitesi-
mal forward voltage drop. By means of ohmic resistors R,
R,,R; andtransistors T, T,, T, the cell voltages in each case
are compared with the reference voltage sources U, ., U, .,
U, 3. wherein the transistors T}, T, T are regarded as ide-
alized transistors, for example PNP-Transistors having infini-
tesimal base emitter voltage drop. The term ‘base emitter
voltage of a transistor’ is understood to refer to the relevant
voltage that prevails between the base and the emitter of the
transistor if a current flows between the emitter and the col-
lector; this voltage is approximately independent of the cur-
rent that is flowing between the emitter and the collector.
Ideally, all of the ohmic resistors R, R,, R; have the same
resistance value R, and all of the reference voltage sources
U,os15 Usesas U,eps provide the same voltage U,

In the case of the described idealized characteristics of the
components, the voltage U;-U,,, is applied to the ohmic
resistor R, so that a current I,=(U;-U, /R flows. This cur-
rent flows onwards by way of the ohmic resistor R, so that at
said resistor at most the voltage R 1,=U,-U, drops off. If this
voltage is smaller than the difference U,-U, _, then the diode
D5 becomes non-conductive, and only the current I,=I; flows
by way of the ohmic resistor. However, if the voltage is
greater, in other words, amounting to U,-U,,>U,-U, -and
therefore U,<Uj, then the diode D; becomes conductive, and
the voltage U,-U,_ prevails at the ohmic resistor R,, so that
a current 1,=(U,-U, /R flows. In both cases, a current 1,
consequently flows, which current corresponds to the smaller
of the two currents U, and Uj, in other words I,=(min(U,,
U3)-U, o/R.

The same applies for the diode D, and the ohmic resistor
R,, so that the current I,=(min(U,, min(U,, U;))-U, »)/R=
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(min(U,, U,, U;)-U,_J/R flows by way of the ohmic resistor
R, and the voltage min(U,, U,, U;)-U,, . drops off at said
ohmic resistor. The current through T, that corresponds to the
minimum cell voltage min (U, U,, Uj), can be evaluated by
means of an evaluation circuit 28.

FIG. 4 illustrates an exemplary embodiment of an evalua-
tion circuit of this type. The current I that is to be evaluated is
supplied to the inverting input of an operational amplifier 30
that is subject to negative feedback current by way of an
ohmic resistor R. The non-inverting input of the operational
amplifier 30 is earthed, and the output of the operational
amplifier 30 is connected to a connector 32 and the measuring
signal can be read out on said connector.

In a further embodiment of the disclosure, the idealized
components can be replaced by way of active rectifier circuits
and amplifying circuits in order to achieve the described
behavior.

The device described above can be used as a part of a
battery management unit that monitors the minimum cell
voltage of the battery cells of a battery and prevents exhaus-
tive discharge of the battery cells. A battery management unit
of'this type can be used as a part of a battery, in particular of
a battery that is used in a motor vehicle.

The invention claimed is:

1. A device for measuring a minimum cell voltage among
cell voltages of a plurality of series-connected battery cells,
comprising:

a plurality of series-connected ohmic resistors,

wherein the device is configured to be connected to the
plurality of series-connected battery cells in such a man-
ner that each battery cell of the plurality of series-con-
nected battery cells is provided with an ohmic resistor of
the plurality of series-connected ohmic resistors,

wherein a first ohmic resistor that precedes all of the other
ohmic resistors in the plurality of series-connected
ohmic resistors is configured to conduct a current that
corresponds to a cell voltage of the battery cell of the
plurality of series-connected battery cells that is pro-
vided with said first ohmic resistor, and

wherein each ohmic resistor of the plurality of series-con-
nected ohmic resistors, with the exception of said first
ohmic resistor, is configured to conduct whichever cur-
rent is smaller of either (i) a current that corresponds to
a cell voltage of a preceding battery cell, or (ii) a current
that corresponds to a cell voltage of the battery cell
provided with said ohmic resistor.

2. The device as claimed in claim 1, wherein each ochmic
resistor of the plurality of series-connected ohmic resistors
has the same resistance value.

3. The device as claimed in claim 2, wherein:

the current which corresponds to the cell voltage is given as
(U-AU)/R,

AU is a predefined voltage,

U is the cell voltage of each battery cell, and

R is the resistance value of each ohmic resistor of the
plurality of series-connected ohmic resistors.

4. The device as claimed in claim 3, wherein:

each ohmic resistor is provided with an associated transis-
tor, an associated reference voltage source, and with the
exception of said first ohmic resistor, an associated
diode,

a cathode of each associated diode is configured to be
connected to a positive pole of a battery cell that is
provided with said associated diode’s ohmic resistor,

an anode of each associated diode is connected to a first
connector of its corresponding ohmic resistor,
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a second connector of each ohmic resistor is connected to
a first connector of its associated transistor,

a base connector of each associated transistor is connected
to a positive pole of the associated reference voltage
source provided to its corresponding ohmic resistor,

anegative pole of each associated reference voltage source
is configured to be connected to a negative pole of a
battery cell that is provided with its corresponding
ohmic resistor,

afirst connector of said first ohmic resistor is configured to
be connected to the positive pole of the allocated battery
cell and the first connector of each ohmic resistor with
the exception of said first ohmic resistor is connected to
a second connector of an associated transistor of a pre-
ceding ohmic resistor.

5. The device as claimed in claim 4, wherein:

each associated the reference voltage source is configured
to provide the same reference voltage, and

said predefined voltage is defined by said reference voltage
source.

6. The device as claimed in claim 4, further comprising:

an evaluation circuit including an operational amplifier that
is subject to negative feedback current via an ohmic
resistor of the plurality of series-connected ohmic resis-
tors,

wherein an inverting input of the operational amplifier is
connected to the second connector of the associated
transistor provided with the last series-connected ohmic
resistor,

wherein a non-inverting input of the operational amplifier
is earthed, and

wherein an output of the operational amplifier is connected
to a test port.

7. The device as claimed in claim 1, wherein the device is
connected to the plurality of series-connected battery cells in
such a manner that each battery cell of the plurality of series-
connected battery cells is provided with an ohmic resistor of
the plurality of series-connected ohmic resistors.

8. The device as claimed in claim 7, wherein the device is
included in a battery management unit.

9. The device as claimed in claim 8, wherein the battery
management unit is included in a battery.
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10. An electric motor vehicle, comprising:

a battery including a battery management unit having a
device for measuring a minimum cell voltage among cell
voltages of a plurality of series-connected battery cells,
the device including a plurality of series-connected
ohmic resistors,

wherein the device is configured to be connected to the
plurality of series-connected battery cells in such a man-
ner, that each a battery cell of the plurality of series-
connected battery cells is provided with an ohmic resis-
tor of the plurality of series-connected ohmic resistors,

wherein a first ohmic resistor that precedes all of the other
ohmic resistors in the plurality of series-connected
ohmic resistors is configured to conduct a current that
corresponds to a cell voltage of the battery cell of the
plurality of series-connected battery cells that is pro-
vided with said first ohmic resistor, and

wherein each ohmic resistor of the plurality of series-con-
nected ohmic resistors, with the exception of said first
ohmic resistor, is configured to conduct whichever cur-
rent is smaller of either (i) a current that corresponds to
a cell voltage of a preceding battery cell, or (ii) a current
that corresponds to a cell voltage of the battery cell
provided with said ohmic resistor.

11. A method for measuring a minimum cell voltage
among cell voltages of a plurality of series-connected battery
cells, comprising:

first producing a first current that corresponds to a cell
voltage of a first battery cell that precedes all other
battery cells in the plurality of series-connected battery
cells; and

then for all other battery cells in the plurality of series-
connected battery cells, producing a current that corre-
sponds to a cell voltage associated with the battery cell,

wherein each current with the exception of said first current
is whichever is the smaller current of either (i) a current
that corresponds to a cell voltage of a preceding battery
cell, or (i) the current that corresponds to the cell voltage
associated with the battery cell in the plurality of series-
connected battery cells.

#* #* #* #* #*
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